The electromagnetic radiation (EMR) signal captured by coal or rock dynamic disaster monitoring system can be disturbed easily by electromagnetic noise in mine. The noise has serious effects on the recognition and analysis of disaster features. However, wavelets and other filter method are complex, and lead to poor real-time performance. In order to solve these problems, an EMR signal morphological filter is proposed. The EMR filter algorithm employs only addition, subtraction and comparison operations, does not adopt multiplication or division operations, and it is easy to be implemented by the hardware of monitoring system. The simulation and experimental results show that the method can restrain the random noise which distributed uniformly and white Gaussian noise mixed in EMR signal effectively. The filter is highly important for improving reliability and real-time performance of the coal or rock dynamic disaster monitoring system.
Introduction
Coal has always been the major primary energy in China; more than 90% of the coal mines belong to underground mining, coal output reached 3.24 billion ton in 2010 with an increase of 8.9% over the previous year [1] . With the intensity of mining and the depth of excavation growing, the store conditions become more complex, and then the coal or gas outburst and rock burst become more serious.
Experiments and applications [2] [3] [4] proved that it is feasible and effective to forecast coal or gas outburst and rock burst with EMR method. However, there are many power supply systems, high-power electric equipments, lighting and communication systems etc. in the narrow space, and these equipments produce massive amounts of electromagnetic interference, so the accuracy of monitoring or forecasting will be seriously influenced. For extracting the real EMR signal and then getting the signal features accurately, the EMR signal must be filtered to denoise. Wavelet transform of soft threshold denoising method can filter out the white Gaussian noise from the EMR signal more effectively [5] ; also the shorttime fractal fuzzy filtering method is feasible to denoise the EMR signal [6] .
Large volumes of data have been collected from the real-time monitoring system of coal or rock dynamic disaster, but the computing capability and channel capacity are limited. Thus wavelet transform and short-time fractal filtering are not widely used in the actual monitoring system due to the poor realtime performance and complex calculating. Therefore, it is desirable to have an effective and real-time filtering method for reducing noise while preserving important signal characteristics in the EMR monitoring system at the same time. Morphological filter, a nonlinear signal transformation, is based on mathematical morphology [7, 8] . Morphological filtering algorithm has been widely used in image [9] , Electric power system signal [10] , ECG signal [11] , and Mechanical vibration signal [12] processing fields because of its robust and adaptive performance in extracting the wave or image information, also because of its fast and simple computation. In this paper morphological filter is used to removing noise from EMR signal with excellent filtering effects, and moreover the complexity of the filter processing algorithm is greatly reduced.
Morphological filter
Morphological filter based on mathematical morphology is a very important class of nonlinear filters. Mathematical morphology, whose origin stems from random set theory and stochastic geometry, was initiated by G. Matheron and J. Serra, and the technique has been a powerful nonlinear methodology for the quantitative analysis of geometrical structures. The foundations of the technique were laid down by Georges Matheron in his book entitled "Random Sets and Integral Geometry". The algorithm of morphological filter has four fundamental operators: erosion, dilation, closing and opening. The last two operators derive from dilation and erosion. As the EMR signal to be processed is a one-dimensional (1D), and then the filter is developed by analyzing and utilizing some properties of 1-D grayscale morphological filter. Let f (n) denote a one-dimensional (1D) digital signal of length N and g (m) denote a structuring element function of length M, where N>>M. The four basic morphological operations are given by equations (1) ~ (4) .
（4） It is obvious that the algorithm facilitate the embedded monitoring system filter implementation because of its simple and quick computation which consists of only addition, subtraction and comparison operations. Ordinarily, the background noises are composed of random peaks and valleys. Opening and closing are dual operators which are formed by combining dilation and erosion. Opening is used for the peak suppressing, while closing is used to minimize valleys. Opening and closing are not mutually inverse functions, so they can be combined together to filter noise. However, both the cascade form close-opening and open-closing operations will result in a statistical bias of amplitude. Open-closing operation lower the amplitude than original signal and close-opening operation enlarge amplitude than original signal. In the noise reduction applications, the average weighted combination of close-opening and open-closing operation is adopted. The process of signal conditioning is illustrated in the figure 1. 
Experiments and analysis
In order to evaluate the morphological filter algorithm which is shown in figure 1 , a number of experiments were performed using simulated data and in-situ data. At the same time, the signals were denoised by wavelets using "Sym8@L5" (decomposition at level 5 by Symlets8 wavelet) and "heursure" (a heuristic variant of the first option) threshold. The frequency of electromagnetic noise in its far field derived from typical electrical equipments in underground distributes almost in every band much [13] . The radiation frequency is generally low, about 15 to 45 kHz [2] , when the rock or coal is not severely damaged. To ensure that the simulation experiment was related to real electromagnetic environment in mine, two typical noise were employed: let the white Gaussian noise be the background noise in mine and set the random noise which caused by electrical equipments start, stop or load changes to be uniform distribution. Let x (t) which is given by equations (5) be the initial signal unaffected by the noises. The sample frequency of the simulation signal and field signal are both 1MHz.
The performance of morphological filter is determined by the structuring element. It is essential to select appropriate structuring element. The structuring element can takes different shapes such as line, triangle, circle or square. Usually the more simple shape whose geometrical characteristic is similar to the signal which to be filtered is selected. In the experiments triangle structure element is selected and the length of the element is 7. The performance of EMR morphological filter is judged by the signal-to-noise ratio (SNR), root-mean-square error (RMSE), normalized correlation coefficient (NCC).They are defined by equations (6) ~ (8).
  In equations (6) ~ (8), x is the initial signal and y is the output signal denoised by the morphological filter or wavelet filter. SNR is a usual measure, used widely and frequently in science and engineering, to quantify how much a signal has been corrupted by noise. Generally, the higher the SNR the better will be the performance of the filter. The smaller the RMSE, the closer the filtered signal follows the initial signal, lower values of RMSE indicate better filter; if the filtered signal goes through each data point of the initial signal exactly, then the RMSE is zero. Similarity of the output signals which have been denoised and the real signal is measured by the NCC, NCC make it easy to judge the similarity between the signals. The value of NCC ranges from -1 to 1; if its absolute value is equal to 1, the two signals are perfectly correlated. The sign of the NCC indicates the direction of association. The more the value approaches to 1 the more similar the two signals are; 0 means orthogonal; -1 means reversed-phase [14] .
As is shown in table 1, when the real signal x is only contaminated by uniformly distributed pseudorandom noise and at lower input SNRs (<20dB), the difference of filtering effect between the wavelet and morphological method is not obvious. As the input SNR increases, both of two the filters output SNR increase slowly and the wavelet filter output SNR is smaller than the morphological filter. The output SNR of the wavelet filter is less than the input SNR 2dB. The RMSE between the real signal x and the signal y outputted by the morphological filter is reduced by 5 to 12 percent, however the RMSE between the real signal x and the signal y outputted by the wavelet filter is not reduced, but goes up, for example, when the input SNR is 25dB, RMSE ascend by 27%. Sensitivity of the morphological filter over the input SNR is lower than the wavelet filter, and the morphological filter has good robustness. The NCC both of the morphological filter and wavelet filter are all over 93 percent, the two filters can preserve the signal wave characteristics well. It can been seen from table 2, when the interference is only white Gaussian noise, both of the morphological filter and wavelet filter have acquired good results, and the morphological method is obviously better at low input SNR. The morphological filter output SNR is almost 2 times as great as the wavelet filter output SNR, at input SNRs from 5 or 6 dB. When the input SNR exceeds 12dB, the performance of the morphological filter is not better than the wavelet filter. The RMSE falls by 44%~57% after the signal has been denoised by the morphological filter and the performance of the morphological filter is better than the signal is interfered by uniformly distributed pseudorandom noise. The RMSE declines by 65%, as the signal has been denoised by the wavelet filter and at the higher (>12dB) input SNR. All the NCCs of the morphological filter are over 93 percent in table 2. It is found that the morphological method gets a better performance than the wavelet method, when the SNR is low and the noise is white Gaussian noise, but at the large input SNRs, the wavelet filter gets better performance. The morphological filter can also get a good performance when the signal is contaminated by white Gaussian noise and uniformly distributed pseudorandom noise simultaneously. The morphological filter and wavelet filter denoising effect is shown in figure 2 (a) , where the signal to be filtered is contaminated by white Gaussian noise and uniformly distributed pseudorandom noise at the same time, and the SNR of the real signal x (t) illustrated in equations (5) and noise is 12dB, and the random noise whose amplitude uniformly distributes in [-2, 2] V. It can be seen from figure 2 (a) that both of the two filters get preferable noise suppression results, and the output signals are smoother. The original signal in figure 2 (b) is captured in Yuejin mine of Henan province when a weak rock burst occurred, and the signal was denoised by morphological filter and wavelet filter. As shown in the figure, morphological filter can suppress the background noise effectively and keep the signal characters.
Conclusions
The EMR filter algorithm, based on mathematical morphology, is fast and easy to implement in monitoring system hardware, owing to its simple operations which only contain addition, subtraction and comparison. The simulated signal and the received signal in the field were denoised by the morphological filter, and it has been proved by the experiments that the filter can reduce the random noise and white Gaussian noise, and preserve the main characteristics of the signal captured by the EMR monitoring system at the same time. The morphological filter offer better performance than the wavelet filter. The morphological filter is of vital significance for capturing the characteristics of EMR emitted from rock or coal in-situ exactly and improving the real-time properties of coal or rock dynamic disaster monitoring system.
